The prognostic implications and surgical benefit of isolated significant tricuspid regurgitation (TR) and prognostic factors in patients with TR were investigated.
ricuspid regurgitation (TR) is commonly associated with left-sided heart diseases, such as mitral valve disease, and significant TR has a prognostic implication. 1 Tricuspid valve (TV) annuloplasty or replacement is recommended in patients with significant TR when left-sided valvular surgery is warranted. [2] [3] [4] Significant TR is also present without significant left-sided valvular heart disease or myocardial disease, but the prognostic value of this isolated significant TR has not been established. As reported previously, even TV valvectomy can be performed without early post-operative mortality in patients with TV endocarditis, 5, 6 which raises questions about the clinical significance of significant isolated TR. Although TV surgery may be recommended to symptomatic patients with severe TR, 2 the surgical benefit for asymptomatic significant isolated TR has not been demonstrated. Furthermore, guidelines about surgical indication and optimal surgical timing in patients with significant isolated TR remain to be established. Therefore, we sought to evaluate the prognostic implications and surgical benefit of isolated significant TR and prognostic factors in patients with TR.
Methods
A total of 870 consecutive patients (aged 64±14 years, 500 women) with moderate and severe isolated TR without significant left-sided valvular heart disease were enrolled from February 1996 to March 2005 at the Asan Medical Center. Significant left-sided valvular heart disease was defined as moderate and severe stenosis or insufficiency of the mitral or aortic valve. Patients with atrial septal defects, Eisenmenger syndrome, RV dysplasia, or constrictive pericarditis were excluded. Most patients (90.8%) showed functional TR without definite organic TV deformity, whereas others had organic TR including TV prolapse (3.7%), Ebstein anomaly (3.6%), rheumatic (1.4%) and infective endocarditis (0.3%).
The initial echocardiographic and clinical characteristics were analyzed. The severity of the TR was determined by the distal TR jet area. A moderate TR was defined as a TR with a distal jet area ≥5 cm 2 (n=258) and a severe TR was defined as a TR with a distal jet area ≥10 cm 2 (n=612). 7 Color Doppler gain was optimized by maximally increasing the color Doppler gain unless backscattered noise was found. Pulmonary artery systolic pressure was assessed by maximal LEE JW et al.
velocity of the TR jet using a modified version of Bernoulli's equation. 8 Right atrial pressure was estimated as 5 mmHg if the inferior vena cava (IVC) was not dilated (<1.7 cm) and there was a 50% decrease in the diameter during inspiration, 10 mmHg if the IVC was dilated with normal inspiratory collapse and 15 mmHg if the IVC was dilated and did not collapse with inspiration (IVC plethora). 9 RV dilation and dysfunction were determined by 3 echocardiography experts (JMS, DHK and JKS). RV dilation was defined as an RV mid-cavity dimension larger than that of the left ventricle from the apical 4-chamber view, and RV systolic dysfunction was qualitatively estimated by observing systolic TV annulus motion. 9 TV coaptation failure was determined when the gap between leaflets were visually identified and >5 mm.
The left ventricular ejection fraction was measured using the single plane Simpson's method. The presence of atrial fibrillation, diabetes mellitus, hypertension, renal failure (serum creatinine >1.4 mg/dl) and coronary artery disease were determined at the initial presentation.
The survival and death data of all patients were obtained from the database of the Korea National Statistical Office. The mean follow-up duration was 4.9±2.9 years.
Statistical analysis was performed using SPSS software (SAS Institute). Data are expressed as mean ± SD for continuous variables and as frequencies for categorical variables. In the comparison of survival rates between the surgery and non-surgery groups, we performed rigorous adjustment for significant differences in the baseline characteristics of Figure 1 . Survival rates of the patients who underwent tricuspid valve surgery (surgery group) and those who did not (nonsurgery group) without statistical adjustment (A) and in propensity-score matched patients (B). 
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patients with the use of propensity-score matching to reduce the effect of treatment-selection bias and potential confounding factors in this retrospective study. We performed a 1-to-1 matched analysis without replacement on the basis of the estimated propensity score of each patient using the Greedy 5→1 digit match algorithm. Using the matched pairs, we compared the baseline covariates between the 2 groups. Continuous variables were compared using the Wilcoxon signed-rank test and categorical variables were compared using McNemar's test. Kaplan-Meier analysis was used to determine the survival rate, and the difference between groups was analyzed using the log-rank test. Univariate and multivariate associations of clinical and echocardiographic variables with survival were assessed using the Cox proportional hazards model. Variables with a P-value ≤0.30 in univariate analyses were candidates for multivariate Cox regression analysis. The final models were determined by backward elimination. Schoenfeld residuals and the log [-log (survival rate)] were used to verify that the proportional hazards assumptions were not violated. The mean values were taken as cut-off values of the TR jet area and pulmonary artery systolic pressure in the non-surgery group. A P-value <0.05 was considered significant.
Results
Of the 870 patients, 57 patients (6.6%) underwent TV surgery including TV annuloplasty/repair (43 patients) and TV replacement (14 patients), whereas the other 813 patients were medically followed up without surgery. Surgery was determined at the attending physician's discretion by taking into consideration the severity of TR, symptoms and other co-morbidities of the patients. Index echocardiography was carried out within 10 days before TV surgery in all patients of the surgery group. The patients in the surgery group were younger, and had larger TR jet areas than the patients in the non-surgery group ( Table 1) . The former showed a lower prevalence of hypertension and a higher prevalence of coaptation failure, RV dilation, RV dysfunction, IVC plethora and organic deformity of TV. The actuarial survival rate of the surgery group was significantly higher than that of the non-surgical group by the unadjusted Kaplan-Meier method ( Figure 1A) . After propensity-score matching, 45 pairs of patients were selected without any significant differences in the baseline characteristics ( Table 2 ). The survival rate tended to be higher in the surgery group than the non-surgery group (HR for the surgery group, 0.29; 95%CI, 0.078-1.095; P=0.068), although it was not statistically significant ( Figure 1B) . Of the 813 patients who did not undergo TV surgery, 237 patients (29%) died during the follow-up period. The 5-year survival rate was 74% without TV surgery. The patients who died during the follow-up period were older and had a higher prevalence of diabetes mellitus and renal failure at the initial presentation than those who survived ( Table 3) . The former showed a larger TR distal jet area, higher pulmonary artery systolic pressure and higher prevalence of RV dysfunction and IVC plethora at the initial echocardiography than the latter, which indicated that initial TR and pulmonary hypertension were more severe in the former patients. By the Cox proportional hazards model using initial clinical and echocardiographic characteristics, old age (HR, 1.048; 95%CI, 1.035-1.060; P<0.001), presence of diabetes (HR, 1.513; 95%CI, 1.079-2.121; P=0.016), renal failure (HR, 2.629; 95%CI, 1.794-3.854; P<0.001), large TR distal jet area (HR, 1.044; 95%CI, 1.016-1.073; P=0.002), high pulmonary artery systolic pressure (HR, 1.024; 95%CI, 1.017-1.032; P<0.001) and presence of RV dysfunction (HR, 2.256; 95%CI, 1.329-3.828; P=0.003) at the initial presentation were independent determinants of all-cause mortality in medically managed patients. The 5-year survival rates were 71.6 and 75.3% (P<0.05) in patients with an initial TR distal jet area ≥12 cm 2 and <12 cm 2 at the initial presentation, respectively (Figure 2) . The 5-year survival rates were 61.0 and 80.6% (P<0.001) in patients with initial pulmonary artery systolic pressure ≥39 mmHg and <39 mmHg, respectively. The 5-year survival rates were 60.7 and 74.7% (P<0.005) in patients with and without RV systolic dysfunction, respectively.
Of the 57 patients who underwent TV surgery, 5 patients (8.8%) died during the follow-up period. The presence of 
Discussion
We have examined the long-term survival rate of patients with significant isolated TR who did not undergo TV surgery, and found that TR severity, the degree of pulmonary hypertension and the presence of RV dysfunction were predictors of mortality, independent of patient age and the presence of diabetes mellitus and renal failure. It has been reported that TR severity has a prognostic value irrespective of pulmonary hypertension and LV systolic function. 1 However, this previous study included all the patients who underwent echocardiography, regardless of whether they had combined left-sided valvular or myocardial disease. Significant TR was also reported as a poor prognostic factor in patients who underwent percutaneous balloon mitral valvotomy. 10, 11 However, prognosis of isolated TR without significant left-sided heart disease has not been clearly demonstrated. To our knowledge, the present study is the first to demonstrate the long-term prognostic value of significant isolated TR. Even among patients with significant isolated TR, TR severity was associated with mortality in patients who did not undergo TV surgery, which indicates that the patients with severe isolated TR had a poorer prognosis than those with moderate isolated TR. 
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Pulmonary hypertension aggravates TR severity and TR reportedly diminishes after resolution of pulmonary hypertension, 12, 13 which suggests a relationship between pulmonary hypertension and TR. Left-sided heart diseases, such as mitral stenosis, may cause significant pulmonary hypertension, which has been reported as a poor prognostic factor in patients who underwent TV and mitral valve surgery. 14 We have demonstrated that pulmonary hypertension was also an independent poor prognostic factor even in patients with isolated TR without significant left-sided valvular heart disease. Pulmonary hypertension might be attributed to high left atrial pressure caused by left ventricular diastolic dysfunction or pulmonary diseases in the present study population.
RV systolic dysfunction, another independent prognostic factor among patients who did not undergo TV surgery in the present study, is also linked with TR severity and pulmonary hypertension. 15 It has been reported that functional TR may produce an irreversible deterioration of RV function. 16 Furthermore, RV dilation and systolic dysfunction can be resolved after TV surgery in isolated TR. 17 These results suggest that TV surgery probably should be recommended at a certain time even if a patient does not complain of any symptoms. RV dysfunction may be a sign for optimal surgical timing in isolated TR patients, as in asymptomatic patients with severe mitral regurgitation and left ventricular dysfunction. [18] [19] [20] The actual mortality rate of patients with significant isolated TR who did not undergo TV surgery was 26% in 5 years, and it was higher especially in patients with more severe TR, pulmonary hypertension and RV systolic dysfunction. Long-standing significant TR causes hepatic failure, protein-losing enteropathy, lymphocytopenia, immunologic deficiency and renal dysfunction, 21, 22 which may be responsible for the high mortality in patients with isolated significant TR. Significant TR may alter the LV geometry because of RV volume overload and a decrease in the left atrial contribution to LV filling, 23 which causes low cardiac output.
In our cohort of patients with significant isolated TR, the actual survival rate in those who underwent TV surgery was higher than those who did not, and there was also a tendency towards a higher survival rate in the surgery group in the propensity-score matched populations, although it did not reach statistical significance. This insignificant statistical result may be ascribed to the large discrepancy in the number of patients between the 2 groups, the very small number of mortalities in the surgery group and the high heterogeneity in many of the baseline characteristics of the study populations even if all patients had significant isolated TR. The identification of subpopulations that may have benefited from TV surgery is clinically important. It has been reported that surgical intervention should be considered early in the course of the disease before the occurrence of irreversible consequences in patients with flail TV. 24 According to the present data, surgery may be considered in patients who have severe TR, pulmonary HT or RV dysfunction, even if they do not have any symptoms, because their prognosis is poor without TV surgery. However, further prospective randomized studies are necessary to demonstrate the benefit of TV surgery in these poor prognostic populations.
The present study was carried out using retrospective analysis with all the inherent limitations of a single center. The causes of death could not be identified. RV dysfunction was not quantified, 25 but analyzed qualitatively, which may be subjective, even though it was determined by echocardiography experts. Another limitation of the present study was that the number of patients who underwent TV surgery was too small compared with that of the medical group in our cohort to draw a conclusion about surgical benefits. However, this also reflects real world practice in which TV surgery might be carried out less than it should be.
In conclusion, there was a tendency in patients with isolated significant TR, although not significant, towards a higher survival rate in the surgery group. Severities of TR and pulmonary hypertension, and the presence of RV dysfunction are independent prognostic factors in medically managed patients. Further prospective randomized studies are necessary to demonstrate the benefit of TV surgery in these poor prognostic populations.
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